The relations among acoustic parameters of a vocal operant were considered and some methods for their measurement are described. Four human subjects (Ss) and one chick were employed in an experiment on the relations among vocal rate, vocal topography, and schedules of reinforcement. The earlier finding that schedules of reinforcement control human and infra-human vocal responding as they do other operants was replicated and extended to the case of variableinterval reinforcement. An analysis of response amplitude, pitch, and duration showed that the mean and variance of these parameters typically increase from CRF to VI, from VI to EXT and, for a second group of Ss, from CRF to EXT. The topography of the chick's vocal response appears to stand in the same relation to reinforcement operations as does the human vocal response.
Lately, there has been a considerable increase in research in two heretofore unrelated areas: the rate of emission of vocal operants (Flanagan, Goldiamond and Azrin, 1958; Lane, 1960 Lane, , 1961 Shearn, Sprague and Rosenzweig, 1961; Starkweather, 1960; Starkweather and Langsley, 1961) and the topographical properties of non-vocal behavior (Goldberg, 1959;  Margulies, 1961; Millenson, Hurwitz and Nixon, 1961; Notterman, 1959; Schaefer and Steinhorst, 1959 'Also note papers presented at (1) Symposium on the Control of Verbal Behavior, Amer. Assn. for the Adv. of Sci., Denver, 1961, and (2) the Conference on the Experimental Analysis of Behavior, American Psychological Association, Cincinnati, 1959; abstracted in J. exp. Anal. Behav., 1959, 2, 251-269. ferred, on several counts, to any other operant for an inquiry into the topographical properties of operant behavior in general. Unlike many other operants, whose muscular constituents are relatively inaccessible for measurement, "the complex muscular responses of vocal behavior affect the verbal environment by producing audible 'speech'. This is a much more accessible datum" (Skinner, 1957) . The usefulness of this datum is predicated on substantial evidence (Fant, 1960 ) that changes in the complex muscular responses of vocal behavior are closely correlated with changes in the acoustic parameters of speech. Measurement of the vocal response is facilitated by the availability of advanced instrumentation, both for the recording of acoustic signals and for the analysis of signal parameters.
Aside from the role that vocal topography may play as a vehicle for a more general inquiry, it warrants research in its own right. In the prediction and control of vocal behavior, a single instance of the operant must often be dealt with. In this case, frequency of emission cannot be employed as an index of "response strength", and interest centers upon such topographical properties of the response as amplitude, pitch, and duration.
This article includes a consideration of various methods for measuring vocal topography and a description of its relation, on the one hand, to vocal rate and, on the other, to non-vocal (Delattre, 1951) .
(1) Peak average amplitude. It is generally thought that the laryngeal tone is produced by the alternating force exerted on the vocal folds, initially by the subglottal pressure and then, following the spread of the folds, by the negative pressure or Bernoulli effect, caused by the stream of air through the folds. The major determinant of the peak average amplitude (hereafter called amplitude) is the peak subglottal pressure which, in man, is caused by the contraction of the respiratory muscles. Ladefoged and McKinney (1962) McKinney (1962) .
termined primarily by the degree of contraction of the thryo-arytenoid muscles, which regulate the elasticity of the glottal margins, and secondarily by the subglottal pressure. A simplified analysis of the mechanics of the sound source described above suggests that the period of the laryngeal tone (or excursion of the vocal folds) is inversely proportional to the square root of the subglottal pressure, in the absence of any compensatory adjustment of the vocal folds. A psychophysical determination of this relation showed that the relative frequency was proportional to the 0.2 power of the relative amplitude (Lane, 1962) . Thus, these two parameters of the vocal response normally covary. The fundamental frequency may also be influenced by major constrictions in the vocal tract; this is not of concern in the present study where the vocal response was a vowel sound.
In human phonation, the fundamental frequency may be considered a population pa-Q z w M w CRF rameter inferred from a distribution of sample period durations of the laryngeal tone; this because of the quasi-periodic vibration of the vocal folds. In chick phonation, the concept of a fundamental frequency is particularly inappropriate since the period of vibration of the tympanic membranes in the syrinx is constantly changing (see Fig. 1 ). Although the term fundamental frequency is used in the present study, it should be understood that the mean duration of the initial 10 periods was measured and then converted to cycles per second. The fundamental frequency was selected from the complex speech wave by applying the tape-recorded signal to two bandpass filters in series (Krohn-Hite 310AB; 48 db/octave). The filter settings were determined initially by spectrographic analysis (Western Electric BTL 2) and then adjusted by the junior author to provide better than 30 db rejection of the first harmonic. The filtered signal was sent to the "10 period average" circuit of a frequency counter (Hewlett-Packard 522 B). The mean period was read in milliseconds to two decimal places and recorded by a parallel printer (HewlettPackard 560 A). Figure 1 shows that the 10-period average reflects the fundamental frequency reasonably well for human vocal responses during CRF but poorly under the other conditions of the experiment. Information reduction was bought at the cost of omitting other marked changes in the topography of the vocal response.
(3) Duration. The duration of the vocal response was measured from the tape-recorded signal by a calibrated voice-operated relay (Miratel), consisting essentially of an amplifier, full wave rectifier, peak regulator, and a relay. Although the circuit design of this and other VORs incorporates a peak regulator to provide drop-out time independent of signal level, this condition holds only for waveforms of relatively rapid rise and decay times. In the voicing of isolated vowels, the rise time may exceed 10% of the vowel duration. The measured duration of a signal with a nonrectangular waveform will depend on the relation of signal amplitude to VOR threshold. If signal duration is to be measured independent of amplitude fluctuations, input signals must either be processed with a fastacting automatic volume control, or extensively peak clipped. In the present study, the input signals were amplified and the VOR threshold level was set 33 db below maximum input level. When the VOR was operated, the relay applied a DC voltage to the trigger circuit of the time interval section of a frequency counter (Hewlett-Packard 522B). The duration was read in milliseconds by the counter and then recorded by the parallel printer.
(4) Rate of responding. A voice-operated relay was also employed to provide a cumulative record of the number of responses as a function of time. These data were collected during the experimental session by applying the transduced acoustic signal to the VOR, which operated a cumulative recorder. It is important to note that the VOR threshold was set sufficiently low to respond to all voiced signals. Examination (2) Chick. The experimental procedure for the month-old Bantam chick was comparable to that for the human subjects. The vocal response (chirping) was observed to have a high operant level (2/sec) in the experimental space (modified pigeon chamber). To eliminate the noise generated by pecking, etc., which triggered the VOR, most of the surfaces of the chamber were covered with a toughskinned foam rubber while the remainder, including the food bin and water cup, were coated with room-temperature vulcanizing rubber. A light source and photocell were arranged in opposite walls of the food bin and a dynamic microphone was placed just above the bin, adjacent to the magazine light. The chick was conditioned with food reinforcement to hold his head in the bin, thus interrupting the light beam, during the course of the experiment. It was thus possible to insure that the chick's head was in a narrowly defined region around the microphone, allowing accurate amplitude measurements of the vocal response.
The chick was 24 hr food-deprived and at about 80% of free feeding weight when placed in the chamber on each of three experimental days. On day 1, 15 min of CRF was programmed: each vocal response produced 4 sec of food reinforcement (Wirthmore Chick Starter Crumbles). Responses occurring during the magazine cycle, however, had no effect. On day 2, the same VI schedule of reinforcement employed with the human subjects was programmed for the chick. On day 3, four VI reinforcements were presented and then extinction was in effect for 1 hr. Cumulative records and tape recordings were collected during the experimental sessions and subsequently analyzed in the manner described above.
RESULTS AND DISCUSSION Rates of responding
Cumulative records were obtained from nine human Ss and one chick under the two reinforcement-sequences (CRF-VI-EXT and CRF-CRF-EXT). Typical records for the human Ss appear in Fig. 2 ; the conditioning and extinction records for the chick resemble those for S2 (Fig. 2) Inference from the rates of responding observed for Ss 1 and 2 when the session was terminated suggests that a number of additional responses would have been observed with prolonged extinction. The extinction session was considerably prolonged for S5 (Fig. 3) , contrary to the instructions that were read. The subject was left undisturbed in the closed audiometric room from the beginning of CRF, when his head was taped to the headrest, until 13.5 hr later, when the session was terminated and the tape removed.5 Following 117 reinforcements in CRF and 60 reinforcements in VI, S5 emitted over 8,000 responses in 11 hr of extinction (Table 1) . This considerable "resistance to extinction" is, of course, characteristic of operant behavior following VI conditioning. The time course of extinction for S5 is similar to that obtained from pigeons in extinction after VI conditioning (Ferster and Skinner, 1957, p. 348 if.).
Topography of responding
Three parameters of the topography of the vocal response were recorded concurrently and analyzed for four human Ss and one chick. Table 2 presents the difference between the mean parameter 5The S was, of course, able to leave at any time, although the record showed that he did not. He expressed no concern when he was removed from the experiment and paid for his overtime participation. The topography of the chick vocal response appears to stand in the same relation to reinforcement operations as that of the human vocal response. The relative mean and variance statistics for response parameters (Table  2) do not provide a basis for discriminating between the two species; hence, differences among species are assigned to inter-individual variance in the following discussion of changes in response topography.
Changes in the variance of response parameters. An important relation between the schedules of reinforcement employed and their effects on variability in response topography is apparent from Table 2 . Column 1 shows that the effect of VI conditioning following CRF was a significant increase in the variance of all response parameters for all subjects (there are two exceptions). Comparable findings have been obtained by Millenson et al. (1961) for the duration of bar-press in the rat during periodic reinforcement. The marked increase in the variance of response parameters during VI conditioning, recorded in several cells of Table 2 , is consistent with the analysis presented by Goldberg (1959) in a discussion of the relation of response variability to intermittent reinforcement:
"In periodic or a-periodic reinforcement, however, . . . each response will be followed by a period during which responses subsequent to the reinforced one will not be rewarded. This extinction of responses will have the consequence of decreasing the probability of the emission of response forms similar to each previously reinforced one. The resultant number of response forms which will be available for periodic reinforcement will be expanded and the variability of those responses which are periodically reinforced will be greater than the variability of regularly reinforced responses." The prediction of greater variability among reinforced responses in VI than in CRF, confirmed by the present findings, is based on the assumption (supported by considerable evidence) that variability increases in extinction. Antonitis (1950) has shown that variability in the locus of a nose insertion response by the rat increases in EXT. Increased variability in force of bar-press during EXT has been reported by Skinner (1938) , Notterman (1959), and Goldberg (1959) . In the present study, variance ratios for the topography of the vocal response (Table 2, col. 3, 4) show that large increases in response variability occurred in EXT following CRF. The present findings therefore support both the general statement Table 2 Effects of changing schedules of reinforcement on the topography of a vocal operant. An unbiased estimate of the mean and variance of each parameter, measured for each S during each schedule of reinforcement, was subtracted from, or divided by (respectively), the corresponding statistic for that S obtained during the initial 15 minutes of CRF. A t-test of the difference between means (or an F-test of the ratio of the variances) showed this difference (ratio) not to be significant at p ' .01 (see Cochran and Cox, 1950 for a discussion of the significance of t when sample variances and sizes are not equal). The .01 significance level was adopted to compensate for the inflated overall probability of one or more type I errors, due to performing 30 tests of each kind.
that response variability increases in EXT after CRF and also the account of variability among reinforced responses in VI in terms of extinction effects. Schoenfeld (1950) employs these two statements in an analysis of the greater resistance to extinction found after VI conditioning than after CRF (cf. Fig. 2, 3) .
Several authors have reported increasing stereotypy of response topography during CRF conditioning (Margulies, 1961; Notterman, 1959; Goldberg, 1959; Antonitis, 1950) . In the present study, there is some evidence to the contrary since significant increases in the variance of some response parameters were observed when the second reinforcement schedule was also CRF ( (Fig. 2) .
Prior experimental evidence of the effect of schedules of reinforcement on mean parameter values of response topography is scant but tends to support the finding of an increase from CRF to EXT. Margulies (1961) observed an increase in the mean duration of bar-press by the rat in EXT after CRF, as did Hurwitz (1954) and Trotter (1956) . The mean force of bar-press also increases in EXT after CRF (Notterman, 1959; Skinner, 1938) . Skinner attributes the increase in force that he observed for his CRF-EXT animals to "the differentiation of intensity that results from the initial tension of the lever." He goes on to say: "The intensity of the response in an operant is significant only in relation to the differentiative history of the organism." (cf. Stanley and Aamodt, 1954.) An increase in the mean amplitude of the vocal response was observed in the present study in EXT following CRF and following VI conditioning (Table 2, cols. 3, 4); however, the artifact of a manipulandum threshold, which might differentially reinforce response amplitude, was excluded by adjusting the voice-operated relay to respond to all vocal.behavior.
The trend of the present data, in the light of comparable findings for other operants, permits the following generalization, which must be substantiated further: the mean and variance of the parameters of response topography increase under the reinforcement conditions CRF-VI-EXT in that order.
